Research is in progress on a TeV-scale linear collider that will operate at 5-10 times the energy of presentgeneration accelerators. Ttus will require development of high power RF sources generating of 50 -100 MW per source. .Transmission of power at this level requires overmoded waveguide to avoid breakdown. In particular, the TEa, circular waveguide mode is currently the mode of choice for waveguide transmission at Stanford Linear Accelerator Center (SLAC) in the Multimode Delay Line Distribution System (MDLDS).
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A common device for protecting an RF source from reflected power is the waveguide circulator. A circulator is typically a three-port device that allows low loss power transmission from the source to the load, but diverts power coming from the load (reflected power) to a third terminated port. To achieve a low loss. matched, three port junction requires nonreciprocal behavior. This is achieved using femtes in a static magnetic field which introduces a propagation constant dependent on RF field direction relative to the static magnetic field.
Circulators are currently available at X-Band for power levels up to 1 MW in fundamental rectangular waveguide; however, the next generation of RF sources for TeV-level accelerators will require circulators in the 50-100 MW range. Clearly, conventional technology is not capable of reaching the power level required.
In this paper, we discuss the development of an XBand circulator operating at multi-megawatt power levels in overmoded waveguide. The circulator will employ an innovative coaxial geometry using the TEol mode. Difficulties in maintaining mode purity in oversized rectangular guide preclude increasing guide area to allow .increasing the power level to the desired 50-100 MW range.
The T!&, mode.in circular waveguide is very robust mode for t&smission of high power in overmoded waveguide'. The mode is ideal for transmission of high power microwaves because of its low-losses, zero tangential field on the guide (which minimizes arcing problems) and reduced propensity for mode conversion compared to non-asymmetric circular waveguide modes. Unfortunately, no current designs exist for circulators using the circular T b , mode.
The basic building block for all low-loss circulators and isolators is a nonreciprocal element with a phase shift dependent on the propagation direction in the guide. Such an element can he constlucted by placement of a hollow ferrite rod in a cylindrical waveguide. An inner conductor placed inside the ferrite rod conducts a current pulse that induces 'an azimuthal magnetic field inside the ferrite. This configuration is depicted in Figure la . An alternate configuration using permanent magnets is shown in 
Abstract
A frequency-doubling magnicon amplifier at 11. 4 GHz has been developed and built as the prototype of an alternative microwave source for the Next Linear
Collider, and to test high power RF components and accelerating structures. The tube is designed to produce -60 MW, in -1.2 psec pulses at 58% efficiency and 59 dB gain, using a 470 kV, 220 A, 2 mm-diameter beam.
Recent results of the tube performance are presented in this paper. Operation of this magnicon has established a research facility located at NRL as only the second laboratory in the USA, after SLAC, where high-power microwave development at the NLC X-hand frequency can take place.
INTRODUCTION

-.
This paper describes the current experimental status of the 11.424 GHz Omega-P/NRL magnicon amplifier [I] , that is under development as an alternative RF source for a f u t u electron-positron linear collider. The magnicon A schematic layout of the Omega-PMRL magnicon is shown in Fig. 1 The magnicon design parameters for the measured 2-mm beam diameter [SI are summarized in Table I and general view of the tube is shown in Fig.2 . Figure I . The magnicon schematic. Table 1 . Design parameters of the X-band magnicon. Oscillograms are shown in Fig. 3 . Fig. 3 . Oscillograms of both output signals, and signal from the penultimate (6Ih) cavity Beam voltage pulse is shown also..The output power is about 13 MW in each output, the beam voltage is 490 kV and surface rf field in cavity 6 is about 600 kVIcm.
EXPERTMENTAL RESULTS
Operation of the
One can see that both output signals look similar, and that the output pulse width is limited by effects in the output cavity but not in the deflection system. Pulses from both penultimate cavities have the full width (signal from cavity 6 is shown in Fig.3 ) compared to the shortened output pulses. The output power was measured calorimetrically in both output waveguides.
The measurements show that the output powers in the waveguides are equal to within a few percent over a wide range of output power.
3.
The dependences of signals fiom the last three deflection cavities, as well as output power vs. input power, are shown in Fig. 4. .. - One can see that behavior of the measured curves is in good agreement with the simulation results. The maximum surface electric fields are given in Fig. 4 as well. One can see that these fields are well below the breakdown limit. Note, that the maximum achieved surface electric field in cavity 6 (Fig. 3) is about 600 kVlcm, which is higher than the value required for magnicon operation at a full power of 60 MW. The curves in Fig. 4 are plotted against the measured input power, which is higher than the calculated value, mostly due to a shift in the first cavity frequency, which leads to strong reflections from the input port. 4. The shape of the shortened output signals and relatively low surface electric field in the magnicon cavities (Fig. 4 ) strongly suggest that the reason for the pulse shortening is not breakdown, but multipactoring. It was also found that pulse shortening is accompanied by a pressure increase in the tube collector. In an attempt to understand the possible cause of the observed problems, measurements of microwave signals from the collector have been made. The results of these microwave measurements are shown in Fig. 5 and Fig. 6 . .The oscillograms in Fig. 5 are taken in the regime of relatively low power, when there is no pulse shortening. The collector signal measurement was made with shorted slotted line, and the shape of the signal is very similar to that from cavity 6. The frequency measurements were made with both the slotted line and a heterodyne method. The measured frequency is exactly equal to the magnicon drive signal (-5712 MHz). Up to the certain level of power the amplitude of the collector signal scales smoothly with the magnicon input signal. When the input power is increased, pulse shortening in the collector signal is observed, and this begins at a power level that is lower than the level when output pulse shortening begins. These observations suggest excitation of a resonant mode in the collector, with efficient . . interaction of the gyrocodmagnicon type [2,3]. At the maximum power level, the collector signal drops to low amplitude, and one can see a peak in the midst of the collector signal (Fig. 6 ). The frequency of the signal in the peak is about 6.7 GHz. This signal is not synchronous with the magnicon drive or output frequencies and most probably is the result of self-excitation.
Thus, one is led to conclude that effects leading to output pulse shortening originate in the collector. The collector plasma cannot play a significant role in the interaction between the collector and the output cavity, 
CONCLUSION
Future plans include design and fabrication of a new collector, based on the design of the collector built for the 34 GHz Omega-P magnicon [9] . This laner collector does not incorporate a large internal chamber that could suppon a spurious resonant mode, but also allows external damping to be inserted around the collector insulator in case oscillations do arise. It is anticipated that use of aredesigned collector will allow the 11.424 GHz magnicon to reach its design output power in a full-width pulse.
